rived from the mRNAs of wild-type and targeted SK3 alleles permitted quantification of the relative contribution by the two alleles. One-third of the PCR was prepared as a Southern blot, probed with a mixture of ␤-actin and SK3 oligonucleotides, and imaged on a PhosphorImager 445SI; signals were quantified with IP Lab Gel software (molecular Dynamics, Sunnyvale, CA). Data from individual animals were obtained in two to seven experiments, normalized to ␤-actin, standardized across experiments, and averaged to give one value per animal. These values were pooled according to genotype and drug treatment. For Northern blots, the total RNA was electrophoresed through a 1.4% agarose containing 1.0 M formaldehyde, blotted on nylon membranes, and probed for mouse SK3. A single SK3 mRNA, 10 kb, is detected in all mouse tissues, although two bands are detected in rat tissues (3, 10) . Blots were stripped and reprobed for 18S rRNA. For Western blots, snap-frozen tissue was pulverized under liquid nitrogen, hand-dounced in ice-cold sucrose (320 mM) with mammalian protease inhibitor cocktail (Sigma), and microfuged at 10,000g for 10 min at 4°C; the supernatant was centrifuged at 100,000g at 4°C for 60 min. The membrane pellet was resuspended in sucrose with mammalian protease inhibitor cocktail and sonicated for 10 s. Western blots (20 g ) were prepared and probed with antibody to SK3 (1:1000) or antibody to Na ϩ -and K ϩ -dependent adenosine triphosphatase (Na ϩ ,K ϩ -ATPase) (1: 50,000) (gift of S. Luchenko). Following secondary antibody (goat antirabbit immunoglobulin G-horseradish peroxidase), immunoreactivity was detected with Super Signal West Pico Chemiluminescent Substrate and X-Omat Blue XB-1 film. Numa, Nature 346, 569 (1990). 13. Baseline respiratory pattern and the response to hypoxia (8% oxygen for 5 min at 30°C) were measured in a body plethysmograph. Individual unanesthetized animals were placed in a 65-ml chamber with their head exposed. A pneumotachograph was connected to the chamber and to a differential pressure transducer. The analog signal from the transducer was amplified, converted to digital, displayed on a monitor, and stored to disk by computer for later analysis. Results are expressed as a percentage of the baseline respiratory rate determined during 5 min before the hypoxia. In separate studies of respiratory timing, inspiratory time, expiratory time, respiratory cycle duration, and the fraction of the respiratory cycle duration occupied by the inspiratory time were determined by analyzing 50 consecutive breaths for a representative period of 15 min in air. Data are expressed as mean Ϯ SD, and differences between groups were examined with one-way ANOVA followed by the Newman-Keuls test. Language-relevant processing of auditory signals is lateralized and involves the posterior part of Brodmann area 22. We found that the functional lateralization in this area was accompanied by interhemispheric differences in the organization of the intrinsic microcircuitry. Neuronal tract tracing revealed a modular network of long-range intrinsic connections linking regularly spaced clusters of neurons. Although the cluster diameter was similar in both hemispheres, their spacing was about 20 percent larger in the left hemisphere. Assuming similar relations between functional and anatomical architecture as in visual cortex, the present data suggest that more functionally distinct columnar systems are included per surface unit in the left than in the right area 22.
Neuropsychological, electrophysiological, and noninvasive imaging studies indicate that language comprehension and production are accompanied by activation of certain cortical areas. Several of these areas are activated only unilaterally in the dominant hemisphere (1, 2) . One of the regions exhibiting robust unilateral activation during processing of language-related signals is located in the posterior part of the first temporal gyrus and the posterior temporal plane (Fig. 1A ) (3) (4) (5) (6) . This region corresponds to a discrete cytoarchitectonical entity, the posterior part of area 22 in the Brodmann classification (7), or to area TA1 after von Economo and Koskinas (8) and is distinguishable in both hemispheres on the basis of common cytoarchitectonic features. However, the temporal plane [ (9), but see (10)], in particular, area 22 (11) , is significantly larger, and cell size and density are superior in the dominant hemisphere (12, 13) . In the dominant hemisphere, area 22 is involved in word detection and generation (3-6), which have been attributed to its ability to process rapid frequency changes (14, 15) , whereas the homolog area in the nondominant hemisphere appears to be specialized in the discrimination of melody, pitch, and sound intensity (16, 17 ) . The low spatial resolution of noninvasive methods prevents the analysis of local processing architectures in the human brain. However, certain aspects of microcircuitry can be studied postmortem with neuronal tracing techniques. In the visual cortex, close relations could be established between the layout of long-range intrinsic connections and the functional organization of cortical modules. These connections exhibit a high degree of topological specificity (18, 19) and reciprocally link discrete clusters of supragranular pyramidal cells that are spaced at regular intervals (20, 21) and share similar functional properties (22) (23) (24) .
We examined the layout of long-range intrinsic connections in the posterior part of area 22 (Fig. 1A ) of both hemispheres using postmortem implantation of carbocyanine dyes (25) (26) (27) . To establish the extent to which interhemispheric structural differences already exist on the level of primary sensory areas, we also examined intrinsic connections in the primary auditory cortex (area 41, Fig.  1A ) of a limited sample of subjects.
In posterior area 22, we found a dense plexus of tangential connections (Fig. 1D) bridging distances of up to 7 mm. Stained structures consisted of anterogradely labeled axons (Fig. 1E ) and retrogradely labeled neurons (Fig. 1, B and C) . Most of these neurons, especially at distances Ͼ3 mm from the site of dye implantation, were concentrated in supragranular layers and exhibited the morphological features of pyramidal cells (Fig. 1,  B and C) . Layer IV contained only very few labeled axons and retrogradely stained neurons. A small number of long-range axons and retrogradely labeled cells were present in layer V, and the latter were in register with labeled neurons in supragranular layers. As in the visual cortex, retrogradely labeled cells and anterogradely stained axonal terminal arbors tended to be superimposed and to form regularly spaced clusters around the injection site (Fig. 1, C to E) . For interhemispheric comparison of this architectural feature, we quantified the size of the labeled clusters and their spacing (27 ) . The size of the labeled clusters was similar in both hemispheres (Table 1 and Fig. 2C) . However, the center-tocenter distance of the clusters was significantly larger in the left hemisphere in all seven subjects (Table 1 and Fig. 2C) magnitude of this difference ranged from 12 to 30% (Table 1 ). Comparative data from the primary auditory cortex in two of the subjects, which both showed a significant asymmetry in posterior area 22, did not reveal interhemispheric differences in spacing, suggesting that the observed differences in posterior area 22 are not reflecting a general interhemispheric asymmetry of microcircuitry in the temporal lobe (Table 2 and Fig. 2D ). However, this issue needs further investigation by analysis of other components of the central auditory system.
Clustering could be a reflection of interdigitating subsystems of selectively interconnected columns or of a single system of discrete, gridlike connections. We implanted both dyes, DiI and DiA, in the same block of tissue (n ϭ 10) at distances ranging from 1.5 to 3 mm. Each crystal labeled several clusters of neurons over a distance of up to 5 mm from the injection site. In most cases (n ϭ 8), clusters labeled by different dyes were nonoverlapping and interleaved (Fig. 3A) . In only two cases, a few of the clusters overlapped (Fig. 3B) . The overlap included the complete area of single clusters, indicating that the two injections labeled the same connectivity system. This suggests the first scenario, i.e., interdigitating subsystems of selectively interconnected columns. Because cluster size was similar in the two hemispheres, the wider spacing implies that more subsystems can be included per surface unit in the left than in the right area 22. This interpretation is supported by the interhemispheric comparison of the number of clusters labeled by a single dye implantation and the distance of clusters from the implantation site (Fig. 2, E and F) . The average distance of the clusters from the implantation site was similar in both hemispheres (Fig. 2E) . Accordingly, the number of labeled clusters per injection was slightly smaller in the left than in the right hemisphere (Fig. 2F) , suggesting that left area 22 contains fewer elements of an individual connectivity system per unit area. Calculations based on the measured cluster size and spacing suggest that the left area 22 can contain about 30% more distinct subsystems within the same volume of tissue (Fig.  3C) . Because area 22 is larger in the dominant than in the nondominant hemisphere (11), interdigitation of more columnar subsystems can be achieved without reducing the number of columns constituting a particular subsystem. Thus, if these subsystems are tuned to different features, as in the visual cortex, more feature domains could be represented in the left than in the right area 22 without reduction of the number of neurons devoted to a particular feature. This, then, is likely to permit a more finegrained analysis of feature domains, and we propose that this is related to special functions of auditory processing such as are required, e.g., for the analysis of speech.
An increase in cluster spacing has also been noted in higher areas of the visual cortex, and it has been proposed that this might reflect the need to represent more complex feature constellations in higher areas (28) .
Neuropsychological studies in patients with temporal lesions or callosotomy suggest that the nondominant hemisphere has a limited capacity to handle language and to substitute for the loss or inaccessibility of the language areas in the dominant hemisphere (29) . We propose that this limitation may be related to the different connectivity patterns identified in the present study.
Because early lesions in language areas of the dominant hemisphere can be compensated by the nondominant hemisphere (30) , it is conceivable that the observed interhemispheric differences in the layout of intrinsic connections are at least in part due to usedependent modifications of circuitry during early development. Future studies will have to determine the exact time course of postnatal maturation of this connection system. female. After a postmortem delay of 18 to 24 hours, blocks of tissue containing area 22 were prepared (Fig. 1A) and fixated for 48 hours in a solution containing 2.6% paraformaldehyde (PA), 0.8% iodacetic acid, 0.8% sodiumperiodate, and 0.1 M D-Llysine in 0.1 M phosphate buffer at pH 7.4. Subsequently, blocks were washed in phosphate buffer, and crystals of DiI and DiA, about 400 m in diameter, were implanted into the cortex. Usually three to four blocks of area 22 of each hemisphere were prepared and implanted. To estimate the lateral extent of the connections, we only implanted one crystal of each dye per block. The tissue was stored for 4 to 6 months in 2% PA in phosphate buffer at pH 7.4 in the dark at 37°C. Vibratome sections were then cut at a thickness of 70 m, either parallel or perpendicular to the pial surface, to determine the laminar as well as the tangential organization of the intrinsic axon systems. The areal boundaries were determined in cresyl violet-stained sections according to the criteria of von Economo and Koskinas (8) (Fig. 1A) . The geometrical parameters of the layout of long-range intrinsic connections were analyzed on camera lucida drawings of sections cut parallel either to the surface of the temporal plane or parallel to the lateral surface of the first temporal gyrus at ϫ50 magnification, as exemplified in Fig. 2 , A and B. Measurements were restricted to regions of sections that were parallel to the cortical lamination. Labeled zones were classified as patches if well-demarcated clusters of anterogradely labeled terminal arbors contained also retrogradely labeled cells. Usually the patches were easily discernable from the background as the coincidence of dendrites and axon terminal fields produced a strong contrast. The position of the patches in individual sections was confirmed by the continuity of the patches into neighboring sections. To avoid any bias, we did measurements blindly on coded sections. Patch diameter was determined from the mean of the respective longest and shortest diameter. The crossing points of the two diameters were taken as patch center, and interpatch distances were measured between nearest neighbors (Fig. 2B) . For interindividual comparison, the distributions obtained in each subject were normalized to the respective mean values of patch size and interpatch distance in each brain. Calculations on the number of different patch systems, as indicated in Fig. 3C , are based on the assumption that the patches are round and equally spaced according to the parameters measured in the respective hemispheres in the different subjects. 28 Interhemispheric differences were significant (Mann-Whitney U, P ϭ 0.01).
